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Under the direction of F. H. Spedding, G. H. Beyer, 
G. L. Bridger, R. W. Fahien, R. W. Fisher, G. Murphy and 
M. Smutz. 
Chemical Engineering 
( )* 1. Monazite Processing lVI. Sm.utz 
* 
Monazite sands have been processed for thorium, 
uranium and rare earths for more than a half century. 
Two new processes have been developed as a result of 
work done for the Atomic Energy Co~mision by the Battelle 
Memorial Institute and the ~aes Laboratory. The purpose 
of this investigation was to develop another process 
that would overcome some of the disadvantages of these 
processes. 
A process was developed that appears economically 
feasible. rrhe first step in the process is a sulfuric 
acid digestion of the sands. 'Ihe digested sands are dis-
solved in water and decanted from undigested sand and in-
soluble silica. Oxalic acid is added to the resulting 
solution to precipitate the thorium a.nd rare earths, 
leaving the uranium in solution. The thorium, uranium 
and rare earths are then purified by solvent extraction 
procedures. The advantages of the process are that the 
thorium and uranium are separated virtually quantitatively 
in an early step and only one filtration step is necessary. 
The only disadvantage is the added cost of oxalic acid. 
The investigation also included some work on alter-
native methods of purifying the uranium and thorium obtained 
after the oxalation step. It was demonstrated that the 
uranium could be recovered completely from the sulfate-
phosphate liquor by ·~sing a solution of 10 percent 
octyl pyrophosphoric acid in kerosene as the solvent. 
Additional studies revealed that the uranium could be 
precipitated from the solvent as the tetrafluoride with 
48 percent hydrofluoric acid. 
An alternate process for separating thorium from 
the thorium-rare earth mixture was developed. The cerium 
was oxidized to the eerie state and was extracted with 
the thorium. The thorium purification work was coupled 
with the extraction of over 90 percent of the cerium along 
with the thorium into undiluted tributyl phosphate. The 
Names indicate group leaders in charge of work. 
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high extraction of cerium is obtained by calcining the 
oxalates prior to preparing the rare earth-thorium feed 
solution. Upon nitration the cerium present in the calcines 
is converted to basic eerie nitrate which is readily ex-
tracted by tributyl phosphate. The advantage in this is 
that the largest rare ~arth component is separated, 
for the most part~ from the remaining rare earths, thereby 
allowing the other rare earths to be separated from one 
another more easily. The disadvantage is that the thor!~ 
must now be separated from the eerie cerium. It was 
demonstrated that this disadvantage could be overcome by 
selectively stripping the eerie cerium away from the 
thorium with a 0.1 molar aqueous solution of sodium 
nitrite, or that both components could be stripped from 
the tributyl phosphate with a sodium nitrite-sulfuric 
acid stripping system~ followed by a mesityl oxide thorium 
extraction for final purity. 
2. Uranium from Phosphates (G. L. Bridger) 
A report entitled "Recovery of Uranium from Slag from 
the Electric FUrnace Production of Phosphorous" by H. Cammack 
and G. L. Bridger is being distributed. 
ABSTRACT 
When phosphate rock is reduced to elemental phosphorus 
with coke in the electric furnace process, the uranium 
in the phosphate rock virtually all goes into the by-
product slag. It is estimated that approximately 300 tons 
of uranium is potentially recoverable per year from this use 
of phosphate rock. 
Previous work at Battelle Memorial :Inat.ilute,_.; _, Mound 
Laboratory, and the Tennessee Valley Authority did not 
result in an economic process for the recovery of uranium 
from electric furnace slags. The present investigation 
included thermal reductions with alkaline earth metals, 
high temperature liquid-liquid extraction with molten ex-
tractants, solubilizing fusions, magnetic separations, 
and leaching with various solutions. As an adjunct to 
the high temperature liquid-liquid extraction studies, the 
solubility of uranium in antimony, bismuth, lead, silver 
and tin were further studied, to corroborate and extend 
existing data. 
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Radioassay methods of analysis were developed for the 
raw furnace slags and residues from the various experimental 
treatments. A fraction of the slag residues .wa.a: checked 
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for uranium using a colorimetric procedure. All binary alloys 
resulting from the uranium solubility study were analyzed 
with colorimetric procedures developed during the course 
of the investigation. 
The results of the thermal reduction experiments do 
not indicate a concentration of uranium in either layer of 
mechanically partitioned slag residues. Bismuth, lead and 
manganese appear to extract the most uranium from furnace 
slags by a single contact of the metal with the slag. In 
all high temperature extraction treatments, about 50 percent 
of the uranium appeared amenable to extraction. The 
addition of calcium, magnesium, aluminum and potassium to 
the melt with iron extractant. appeared to iJ1lprove the uranium 
extraction. Iron sulfides were found to extract approxi-
mately 45 percent of the uranium from the slags by a single 
contact with the slags. 
Contacting one portion of furnace slag with three suc-
cessive portions of iron-calcium~ bismuth or iron sulfide 
extractant did not improve the total uranium extraction from 
the slag to above 50 percent. Contacting one portion of 
these extractants with several portions of furnace slag did 
not result in a marked increase of uranium concentration in 
the extractants. Because of the inability to build up a 
sizeable uranium conce~1.tration in an extractant, as shown 
in the study of uranium distrj_bution behveen fu:rnace slag 
and bismuth, the success of a proposed high temperature 
extraction process seems unlikely. 
The only solubilizing fusion treatment which resulted 
in any appreciable elimination of uranium from the slag was 
the one with calcium ct1loride. The uranium was not found 
concentrated in the mag:netic ma.terial in the slag. None of 
the leaching agents tried extracted an appreciable amount 
of uranium from the slag. Cost calculations based on data 
obtained indicate that none of the treatments studied would 
result in an economic recovery process. 
The data obtained for the solubility of uranium in 
antimony agree fairly well with similar data reported by 
Massachusetts Institute of Technology. The data obtained 
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for the solubility of uranium in bismuth agree with values 
interpolated from the established binary phase diagram, 
but lie below the values reported by Massachusetts Institute 
of Technology, and above values reported by Brookhaven 
National Laboratory. The data obtained for the solubility 
of uranium in lead agree with values reported by the 
Massachusetts Institute of Technology, but lie below values 
interpolated from the established binary phase diagram. 
The data for the solubility of uranium in silver lie 
close to the reported solid solubility of uranium in 
silver, but lie well below the values reported by previous 
investigators. The data obtained for the solubility of 
uranium in tin agree with values reported by Massachusetts 
Institute of Technology~ but lie below the values inter-
polated from the established binary phase diagram. 
A report (ISC-678) entitled 11Effect of Phosphate Rock 
Particle Size on recovery of Uranium from Superphosphates" 
by W. W. Davis and M. Smutz is being distributed. 
ABSTRACT 
The tremendous domestic reserves of phosphate 
rock together with the large annual production of normal 
superphosphate from phosphate rock have made the recovery 
of the small amounts of uranium (0.01 to 0.02 percent) 
in phosphate rock during the production of superphosphate 
an important problem. At current superphosphate pro-
duction rates there exists a uranium potential of approxi-
mately 1000 tons per year. 
In most phosphate rocks 80 percent or more of the 
phosphorus content is unavailable to plant life. Normal 
superphosphate is produced by the reaction of sulfuric 
acid and phosphate rock to convert the phosphorus to a 
form available to plant life. The purpose of this in-
vestigation was to make a cpantttative study of the effect 
of phosphate rock particle size on the recovery of uranium 
during the production of normal superphosphate. 
Florida land pebble phosphate rock was used in this 
work. The uranium content of this rock was 0.0184 percent 
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U308. Phosphate rock particle sizes of 62, 77, and 92 
percent through 200 mesh were studied. Both a 1.81 and 
a 2. 50 acidulation ratio (pounds of 100 percent, sulfuric 
acid per pound of P205) were studied at each particle size. 
Industrially, a 1.81 acidulation ratio is used for the 
production of normal superphosphate; a 2.50 acidulation 
ratio is used for phosphoric acid production. 
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The acidulation ·of the phosphate rock to superphosphate 
and the extraction of the uranium into the solvent were 
accomplished simultaneously by adding the sulfuric acid 
to a slurry of the rock and solvent. The solvent used 
was a 10 percent di-octyl pyrophosphoric acid solution 
in normal heptane. A solvent to rock ratio of 0.8 milli-
liters per gram was used throughout; 60 percent sulfuric 
acid was also used throughout. The most favorable 
uranium recovery was 73 percent. 
When the 2.50 acidulation ratio was used an additional 
quantity of rock was added to the reaction products, after 
the solvent had been removed, to reach an overall 1.81 
acidulation ratio. Superphosphate was thus produced. 
This additional rock was not finely ground as it did not 
contact the solvent for uranium extraction. 
It was found that the uranium recovery obtained in 
a 30 minute reaction-extraction increased significantly 
with a decreasing particle size. The process based on 
an initial over-acidulation ratio (2.50) did not appear 
to have any advantage over the process based on the normal 
acidulation ratio (1.81). 
3. Rare Earth Separation by Solvent Extraction (M. Smutz and 
and F. H. Spedding) 
Accurate equilibrium data for the system tributyl phosphate, 
rare earth nitrates, water and nitric acid have been obtained. 
Simulated continuous extraction runs have been made, main-
taining the aqueous nitric acid acidity at about 5.0 normal. 
Results of the run came out as pr~dicted by the calculation 
method developed verifying the numerous assumptions made. 
Pilot plant runs with a 36-stage extractor have been delayed 
because of ~ nwnerous mechanical difficulties. Although not 
demonstrated as yet, it seems apparent that solvent extraction 
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will have a role to play in processing rare earths on a comme~eial 
scale. If extremely high purity rare earths are required for 
a given application, ion exchange processes will probably be 
used in conjunction with solvent extraction. 
4. Zirconium Process Development (G. H. Beyer) 
The principal method of producing ductile zirconium is 
the Kroll Process. Since the calcium reduction of zirconium 
tetrafluoride has been proven economically competitive, the 
magnesium reduction of zirconium tetrafluoride will be con-
siderably more economical if ductile zirconium can be obtained. 
:Numerous reductions of zirconium tetrafluoride with mag-
nesium as a reductant and zinc fluoride as an internal booster 
yielded good recoveries and excellent metal-slag separation. 
However, the resulting dezinced zirconium had a Rockwell "A" 
hardness of 62 or greater. The hardness of the zirconium 
is probably caused by oxide contamination. 
The source of the oxide contamination comes either from 
the magnesium, zirconium tetrafluoride, bomb liner, or a combination 
of all three. The determination of the exact causes of the hard-
ness ~waa inconclusive. However, it is believed that by 
using high purity zirconium tetrafluoride, ductile zirconium 
will be obtained. 
By highly theoret::tcal thermodynamic calculations, the 
maximum temperature in the bombs was determined. These 
calculations indicated that maximum temperatures of 1640 and 
1900°C can be obtained in the spark-fired and gas-fired 
magnesium reduction bombs, respectively. The tgmperatures 
measured in the spark-fired bomb was about 1200 C and the 0 
melting points of the slags were determined to be about 1250 0. 
The temperature measurements in the gas-fired bombs were imp 
possible due to the melting of the thermocouple wells. It 
can be concluded that a maximum temperature of 1350 to 145ooc 
and 1550 to 1650°0 can be obtained in the spark-fired and 
gas-fired bombs, respectively. 
Th.e pressure measurements showed that less than 200 psi 
was obtained in the spark-fired bombs. Less than 400 psi is 
probably obtained in the gas-fired bombs. 
The preparation of zirconium tetrafluoride from zirconium 
cyanonitride by use of aqueous hydrofluoric acid appears favor-
able. However, problems arise in the zirconium tetrafluoride 
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precipitation, and the removal of hafnium and impurities. 
Tests indicate the possibility of using vacuum distillation 
to purify and dry zirconium tetrafluoride monohydrate. 
The production of zirconium from zirconium tetrafluoride 
by reduction with magnesium under an inert atmosphere of argon 
at atmospheric pressure was also demonstrated. The zirconium 
obtained was not massive but in a porous, finely divided form. 
The conversion efficiency was approximately 50 percent. Be-
fore the process could be economically feasible a satisfactory 
metal-slag separation process would have to be developed. 
5. Extraction with Molten Metals (G. H. Beyer) 
Extraction studies on molten metalshave been concerned 
with the development of an extractor for the partial removal 
of fission products from molten metallic uranium using 
another molten metal. The extracting system chosen, due 
to economic and material availability reasons, was silver 
as the extractant metal with graphite as the material of 
construction for the extractor. An extractor in which varying 
amounts of silver could be passed upward through a fixed 
amount of uranium and then overflow into another graphite 
collector was made. ~he tests on this extractor were quite 
satisfactory. The silver overflow from the latest design 
analyzed 4.85% uranium. Since the equilibrium solubility 
value for silver in uranium was found to be between 5% and 
8%, the contacting efficiency appears to be good. By con-
trolling the silver flow rate p the contacting efficiency 
could probably be improved. The present process consists 
of melting the uranium in the extractor followed by melting 
the silver in a feed reservoir above the uranium. The molten 
silver is then directed through drilled holes to the bottom 
of the extractor and then allowed to bubble up through the 
uranium. The process is carried out inside of a quartz 
tube equipped with water cooled brass heads, under a vacuum. 
The vacuum is obtained through the use of a rotary type vacuum 
pump. Heating of the extractor is accomplished by an induction 
coil placed on the outside of the quartz tube. Necessary 
thermal and radiation insulation is obtained by the use of 
alundum and molybdenum shielding. 
Neodymium was selected as the fission product to be 
followed in extraction studies because of its higher affinity 
for silver than uranium. The resulting high distribution 
11 
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coefficient should enable a better evaluation of operating 
variables and extractor efficiency than a fission product 
with a low distribution coeffjcient. 
A "fissium melt" (simulated fuel) of neodymium and uranium 
was made and the. maximum solubility of neodymium in uranium 
at 1275°C found to be 2185 p.p.m. ( ~ 300 p.p.m.). A recheck 
on the solubility by remelting a portion of the fissium 
melt with more neodymium gave 2120 p.p.m. 
6. Liquid-Liquid Extraction in Pulsed Columns (R. W. Fahien) 
The purpose of this work is to measure the effects of 
plate spacing, percent free area (on plates), plate hole 
diameter, pulse amplitude, and pulse frequency on column efficiency, 
measured in terms of HTU, (column height required to carry 
out a theoretical degree of extraction). Data for 80 combina-
tions of the above variables have been collected as part of 
a statistical design which will eventually involve a total 
of 96 combinations. Preliminary results indicate that the 
geometry variables, which have previously received only cursory 
examination in previous work, are of greater importance than 
pulse frequency over the ranges studied. 
Engineering Development 
1. Slurry Program (G. Murphy) 
The slurry program is of interest because of the potential 
use of slurry fuels consisting of fissionable materials sus-
pended in a vehicle which will facilitate handling, fuel pro-
cessing and heat transfer in comparison with conventional 
fabricated fuel elements. 
During the period of this report problems of vertical 
flow have been studied. In certain velocity ranges the 
solids distribution, as observed with glass particles in water, 
is widely different for upward flow in comparison with down-
ward flow. The phenomenon is being studied from the theoretical 
viewpoint as well as from the experimental. Theoretical pre-
dictions and experimental observations are in agreement in 
a limited range and efforts will be continued to extend the 
range. 
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2.. Engineering Properties of Reactor Materials (G. Murphy) 
A report (ISC-700)entitled, "The Stress-Strain Characteristics 
of Uranium" by D. A. McCutchan and G. Murphy is being distributed. 
ABSTRACT 
Tests were made in reversed loading and in repeated 
tensile loading on thirteen specimens of rolled, alpha-
uranium at room temperature. Cons tant strain rates ranging 
from 0.0003 in./in./min. to 0.0060 in./in./min. were 
employed. 
Ceramic Engineering 
1. Metal-Ceramic Reactions (D. R. Wilder) 
A report (ISC-659) entitled "Reaction of Lanthanum and 
Cerium with Ceramic Oxides" by G. Pulliam and E. Fitzsimmons 
is being distributed. 
ABSTRACT 
In this study the surface properties of cerium and 
lanthanum metals were determined for the metals melted on 
refractory oxide plaques of alumina, beryllia, thoria, and 
stabilized zirconia. ~be reactions occurring at the inter-
face between the metals and the refractories were also 
determined by metallographic and x-ray techniques. The 
surface tension, contact angle, and work of adhesion were 
determined at temperatures of 810, 900, and lOOOOC for 
cerium, and at temperatures of 950, 1000, 1100 and 12oooc 
for lanthanum. 'Ihe meta11ographic examination of the 
reactions was conducted on polished sections of the 
interfaces. •rhe temperatures to which the specimens were 
subjected for this phase of the study were 1100°C for cerium 
and 1200°C for lanthanum. To aid in the microscopic 
examination of the reactions between cerium and the oxides, 
mixtures of metal and ceramic powders were heated to 
temperatures of 500 and 8o4°C for cerium. Lanthanum 
and oxide powders were given a similar treatment to 
temperatures of 600 and 924°C. X-ray diffraction patterns 
of the mixtures were then obtained for the identification 
of the phases produced from the reactions. 
The surface properties of the metals melted on the 
ceramic oxides were established by the sessile drop 
method of determining surf'ace tension. The characteristic 
dimensions of the drop were obtained from photographs of 
the profile of the drop. The equilibrium between the known 
force of gravity acting on the drop and the unknown surface 
tension could be determined from the shape assumed by the 
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drop. The dimensions obtained from the profile were 
used also to determine t he cont ac t angle displayed 
between the surface of the drop and the ceramic support-
ing plaque. The work required to remove the metal from 
the ceramic was then determined f r om the contact angle 
and surface tension f r om a considerat ion of the surface 
forces operat ive a t the point of contact between liquid 
and solid plaque. 
The surface tension determined by t he sessile drop 
method is of r easonabl e accuracy only when the angle of con-
tact of the surface of the drop wit h the supporting plane, 
is greate r than 90° . It'or this reason the surface tension 
of lanthanum was deternuned from the run on zirconia. 
At a tempera t ur e of 950oc the surfac e tension of lanthanum 
was determined to be 710 dyne/em 2 5%. The surface tension 
of lanthanum went through values of 693, 648,1> and 630 
dyne/em as the temperature of measur ement became 1000, 
1100, and 12oooc . The surface tens ion of cerium was 
determined from runs of the metal melted on beryllia 
and zirconia. At tem:pei'atures of 810, 900, and 1000°C 
the surface tension of ce::oir:.m was determined on zirconia 
to be 695, 680 and 666 dyne/cm,l> respecti vely. At the 
same temper a tures the surface tension of cerium was deter-
mined on beryllia to be 740,1> 697,1> and 678 dyne/em, 
respectively . 
The contact angles of both metals was at their 
highest value~ vrt1ez1 melted on zirconia . The contact 
angle of lanthanum on the oxides then dec r eased in the 
order; alumina,l> ber.,ylJ.ia, and theria . Cerium metal showed 
a very high contact angle with beryllia also , but the 
contact angle of cerium on thoria was a ssumed to be zero 
since the me tal completely dissolved in the plaque. The 
rapid attack of aluinina by cerium prevented measurement 
of the contac t angle. 
The woi'k of adhesion of' the metals t o t he oxides 
varied considerably bet~ll'een the metals and with the oxide 
studied. With both metals the work of adhesion was at 
a minimum f or the melt on zirconia. The work of adhesion 
of the metals t o thor.ia was by far the highest of all the 
oxides studieti. 
~e work of adhesion of lanthanum t o alumina and 
beryllia was i ntermediate between t he adhesion to 
zirconia and t horia . The adhesion of ce rium by beryllia, 
though not as low as the adhesion to zirconia, was lower 
than the adhesion of lanthanum to any of the oxides. 
In genera~ the interfacial reac tions occurring between 
the metals and t he oxides resulted in simple reduction of 
the oxides. Al uxnina was r educed by t he metals to form the 
oxides .~r the mol t en metals and alloys of aluminum and the 
metals. Beryllia was reduced in a s imilar fashion. However, 
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alloying of the metals with beryllium did not occur. The 
metals reacted with zirconia to produce both an inter-
facial layer of the metal oxide and a limited solid solution 
of metal and zirconia. Both metals produced solid solu-
tions with theria. 
The values determined for the surface tensions of 
cerium and lanthanum revealed the similarity that was 
to be expected from the similarity 0f the other properties 
of the metals. The value of surface tension decreased 
linearly with increasing temperature in nearly · t~ same 
manner for both metals. Generally the work of adhesion 
of the metals to the oxides increased as the temperature 
increased. As a result of this, the contact angles decreased 
with increasing temperatures. 
Of the materials studied, beryllia was found to be 
the best refractory for containing the molten metals. The 
reactions between the metals and beryllia were less exten-
sive than the other refractories, and the metal did not 
diffuse into the beryllia plaques. Zirconia was found to 
be a possible container for the molten metals, though the 
metal did penetrate the refractory by diffusion. Thoria 
and alumina were found to be poor container materials for 
the metals. 
Other Engineering Research 
1. Circulation of Molten Metals (R. W. Fisher) 
The bismuth-uranium alloy molten metal loop experiment was 
terminated after 5237.5 hours of continuous operation at 950°C. 
The alloy consisted of 5% U-95% Bi by weight. 
This loop experiment has shown that a U-Bi system can be 
contained in tantalum and the combination appears to be practical 
from both a design and a pumping standpoint. Data indicate that 
tantalum corrosion is quite insignificant. It was also found that 
the addition of !% manganese to the alloy serves as a temperature 
depressant and permits the use of 10-12% by weight of uranium in 
bismuth at temperatures of approximately 900°C. Both static and 
dynamic tests are being run on a system of this type, which would 
permit higher fuel concentrations in a reactor. 
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APPENDIX I: LIST OF REPORTS FROM THE AMES LABORATORY 
1. Reports for Cooperating Laboratories 
ISC-575 Ames Laboratory Staff. Metallurgy. Quarterly Summary 
Research Report. October, November, December, 1954. 
ISC-604 F. H. Spedding, J. E. Powell and E. J. Wheelwright. 
The Stability of the Rare Earth Complexes with N-
Hydroxyethyletny1enediaminetriacetic Acid. 
ISC-605 Ames Laboratory Staff. Engineering. Quarterly Summary 
Research Report. January, February, March, 1955. 
ISC-606 Ames Laboratory Staff. Chemistry. Quarterly Summary 
Research Report. January, February, March, 1955. 
ISC-607 Ames Laboratory Staff. Metallurgy. Quarterly Summary 
Research Report. January, February, March, 1955. 
ISC-608 Ames Laboratory Staff. Physics. Quarterly Summary 
Research Report. January, February, March, 1955. 
ISC-609 Compiled by P. Ohiotti and 0. N. Carlson. Hanford 
Slug Program. Quarterly Summary Research Report. 
January, February, March, 1955. 
ISC-611 F. H. Spedding and J. E. Powell. A Laboratory Method 
for Separating Nitrogen Isotopes by Ion-Exchange. 
ISC-612 A. W. Andresen and G. L. Bridger. Recovery of Uranium 
from Superphosphates. 
ISC-617 J. E. Powell and F. H. Spedding. Basic Principles 
Involved in the Macroseparation of Adjacent Rare 
Earths from Each Other by Means of Ion-Exchange. 
ISC-620 R. D. Kross and V. A. Fassel. The Infrared Spectra 
of Aromatic Compounds. III: The 1045-1185 cm-1 
Vibration in Monosubstituted Benzenes. 
ISC-621 R. D. Kross and V. A. Fassel. An Infrared Study of 
Picric Acid Molecular Complexes. 
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ISC-623 . L. S. Gray and V. A. Fassel. Emission Spectrometric 
Determination of Low Percentages of Zirconium in Hafnium. 
ISC-625 R. D. Kross, V. A. Fassel and M. Margoshes. The Infrared 
Spectra of Aromatic Compounds. II. Evidence Con-
cerning the Interaction of II -Electrons and cr -Bond 
Orbitals in C-H Out-of-Plane Bending Vibrations. 
ISC-629 R. T. ~7chols and E. N. Jensen. The Decay Scheme 
of sc1 • 
ISC-630 P. Hall and S. Legvold. Remanent Magnetism in Toroids. 
ISC-632 J. T. Jones, Jr. and J. K. Knipp. Notes on Hyper-
fragments. 
ISC-633 E. M. Layton, Jr., R. D. Kross and V. A. Fassel. A 
Correlation of Bond Length with Stretching Frequency 
for C-0 and C-N Systems. 
ISC-634 G. H. Beyer, E. L. Koerner and E. H. Olson. Conversion 
of Zirconium Sulfates to Anhydrous Zirconium Tetra-
fluoride. 
ISC-637 E. Wheelwright and F. H. Spedding. The Use of Chelating 
Agents in the Separating of the Rare Earths Elements 
by Ion-Exchange Method. 
ISC-640 P. Chiotti, P. F. Woerner, H. H. Klepfer, K. J. Gill 
and R. E. Cutrell. Application of Metal Coatings on 
Uranium-Summary Report. 
ISC-641 Compiled by P. Chiotti and 0. N. Carlson. Hanford 
Slug Program. Quarterly Summary Research Report. 
April, May, June, 1955. 
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APPENDIX II: LIST OF SHIPMENTS 
Destination 
National Bureau of Standards 
Washington, D. C. 
Argonne National Laboratory 
Lemont, Illinois 
Dr. J. R. Gump 
Michigan Chemical Corporation 
St. Louis, Michigan 
Battelle Memorial Institute 
Columbus, Ohio 
New Brunswick Laboratory 
New Brunswick, New Jersey 
Research Laboratories of Colorado, Inc. 
Newtown, Ohio 
Item 
1 lb. lanthanum metal 
1 lb. cerium metal 
1 lb. neodymium metal 
1 lb. praseodymium metal 
10 gm cerium metal 
1 sample each of: 
neodymium metal 
samarium metal 
1 gm lanthanum oxide 
1 gm cerium oxide 
1 gm praseodymium oxide 
1 gm neodymium oxide 
1 gm samarium oxide 
1 gm gadolinium oxide 
1 gm yttrium oxide 
100 mg terbium oxide 
100 mg dysprosium oxfde 
100 mg holmium oxide 
100 mg erbium oxide 
100 mg ytterbium oxide 
100 mg thulium oxide 
100 mg lutetium oxide 
1 gm thulium metal, 
tantalum-free 
2 gm dysprosium oxide 
2 gm erbium oxide 
2 gm samarium oxide 
20 gm yttrium oxide 
100 mg lutetium oxide 
1 gm ytterbium oxide 
3 thulium pellets 
2 2 
State University of Iowa 
Department of Physics 
Iowa City, Iowa 
University of California 
ISC-710 
Los Alamos Scientific Laboratory 
Los Alamos, New Mexico 
Transportation Officer 
Fort Totten, New York 
University of Minnesota 
Minneapolis, Minnesota 
Professor C. D. Jefferies 
University of California 
Berkeley, California 
Knolls Atomic Power Laboratory 
Schenectady, New York 
5 gm N14 isotope 
2 gm pure terbium oxide 
10 gm neodymium metal 
20 gm erbium metal 
20 gm yttrium metal 
66 gm neodymium metal 
69 gm samarium metal 
72 gm gadolinium metal 
77 gm erbium metal 
6 thulium buttons 
1 gm lanthanum metal 
1 gm cerium metal 
1 gm praseodymium metal 
1 gm neodymium metal 
1 gm samarium metal 
1 gm gadolinium metal 
1 gm erbium metal 
1 gm yttrium metal 
1 gm dysprosium metal 
1 gm ytterbium metal 
21 
200 mg high purity lanthanum 
oxide 
2 gm lanthanum oxide 
10 mg terbium oxide 
100 mg neodymium oxide 
100 mg lanthanum oxide 
200 mg erbium oxide 
100 mg samarium oxide 
100 mg praseodymium oxide 
200 mg holmium oxide 
200 mg lutetium oxide 
200 mg ytterbium oxide 
200 mg thulium oxide 
200 mg dysprosium oxide 
200 mg terbium oxide 
100 mg gadolinium oxide 
100 mg cerium oxide 
. 100 mg yttrium oxide 
1 gm lanthanum oxide 
1 gm cerium oxide 
1 gm praseodymium oxide 
1 gm neodymium oxide 
1 gm samarium oxide 
1 gm gadolinium oxide 
1 gm yttrium oxide 
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American Metallurgical Products Co. 
New Castle, Pennsylvania 
Brookhaven National Laboratory 
Upton, Long Island, New York 
Dr. R. B. Price 
Battelle Memorial Institute 
Columbus, Ohio 
Army Medical Research Laboratory 
Fort Knox, Kentucky 
C. A. Hutchison 
Chicago, Illinois 
Mr. H. A. Boorse 
Pupin Physics Bldg. 
New York, New York 
Dr. Richard L. Caldwell 
Magnolia Petroleum Co. 
Dallas, Texas 
Dr. J. M. Daniels 
Department of Physics 
University of British Columbia 
Vancouver, B. c., Canada 
Dr. Wm. F. Wagner 
Chemistry Department 
University of Kentucky 
Lexington, Kentucky 
Johns Hopkins University 
Baltimore, Maryland 
I lb praseodymium metal 
4 lb neodymium metal 
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25 gm praseodymium metal 
25 gm samarium metal 
100 gm cerium metal 
2 gm thulium metal 
8 thulium buttons 
2 gm praseodymium oxide 
1 gm neodymium oxide 
1 gm gadolinium oxide 
t gm terbium oxide 
1 cylinder lanthanum metal 
1 thulium pellet 
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1 gm lanthanum oxide 
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1 gm praseodymium oxide 
1 gm neodymium oxide 
1 gm samarium oxide 
1 gm gadolinium oxide 
1 gm yttrium oxide 
100 mg terbium oxide 
100 mg dysprosium oxide 
100 mg holmium oxide 
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100 mg ytterbium oxide 
100 mg thulium oxide 
100 mg lutetium oxide 
10 gm terbium oxide 
